The present study concentrates on the average effective two-body interaction matrix elements being extracted, using sum-rule techniques, from transfer reactions on target states having single orbital as well as two orbital occupancy. This investigation deals with transfer reactions on f-p shell nuclei involving (i) 1f 7/2 and 2p 3/2
§1. Introduction
The conventional search for an effective two-body interaction to be used in shellmodel studies involves numerically intensive mixed configuration calculations. It is, however, now known that meaningful averages of effective interaction matrix elements can be obtained through an alternative simpler method with the help of energy-weighted sum rules 1), 2), 3), 4), 5), 6) . Monopole energy weighted sum rules have been used to derive explicit algebraic equations relating effective interaction matrix elements to isospin centroids of residual nuclear states obtained via single nucleon stripping and pick-up reactions performed on general multishell target states 4), 5) . With the help of these, we have previously calculated the 1d 2 5/2 , 2s 2 1/2 , 1d 2 3/2 and 1f 2 7/2 matrix elements of average effective interaction, working in each case within a limited vector space comprising of just one active orbit outside the postulated inert core 5), 6) . The present work reports the application of these sum rules to stripping and pick-up reactions on target states belonging to f-p shell nuclei with shell occupancy no longer restricted only to single active orbit but also extended to two active orbits. The target states included in the current study have either 1f 7/2 orbit or both 1f 7/2 and 2p 3/2 active orbits outside the inert core, 40 Ca. We also study the target states having either 2p 3/2 orbit or both 2p 3/2 and 1f 5/2 active orbits outside the inert core, 56 Ni. The targets being investigated with 40 Ca as inert core are 42, 44, 46, 48 Ca, 45 Sc, 46, 48, 50 Ti, 51 V, 50, 52, 53, 54 Cr, 55 Mn and 54, 56, 58 Fe nuclei while those investigated with 56 Ni as inert core include 58, 60, 61, 62, 64 Ni, 63, 65 Cu, 64, 66 Zn, 69 Ga and 70 Ge isotopes.
The new feature characterizing the availability of two active shells in the target state to transfer of a particle (hole) opens up many interesting possibilities in the exploitation of experimental data on transfer reactions. The study of targets having 40 Ca as inert core furnishes us with the 1f 2 7/2 , 2p 2 3/2 and 1f 7/2 −2p 3/2 effective interaction matrix elements. A similar study of transfer reactions on targets having 56 Ni as inert core provides us with information regarding 2p 2 3/2 , 1f 2 5/2 and 2p 3/2 − 1f 5/2 effective interaction. The theoretical apparatus and the calculational procedure have been discussed earlier in sufficient detail, 4), 5), 6) but for the sake of completeness and convenience of the reader, we briefly reproduce the important equations and other relevant features of our approach in the following section. §2. Sum Rule Equations and Method of Calculation
The isospin centroids, E ± T (superscripts +,− indicate stripping and pick-up cases respectively) of residual nuclear states having isospin T, obtained via single particle stripping and pick-up reactions on a target state with isospin T 0 , are given 4), 5) by
and
In these equations,
; the summation index k runs over all the active orbits in the target state, while i refers to the ρ i (≡ j 1 2 ) orbit into (from) which the nucleon transfer occurs. Further
n k = number of nucleons in the kth active orbit in the target state;
T 0k = partial contribution of nucleons in the kth active orbit towards the target state isospin; E ± (riz) = E 0 ± ǫ i , with E 0 being the target state energy and ǫ i , the single particle energy of transferred nucleon with respect to the chosen inert core. (1) and (2) are (2J + 1)-weighted averages of twobody effective interaction matrix elements, W JT ikik , in isotriplet and isosinglet states, respectively, of one nucleon in the ith orbit and another in the kth orbit.
where E
T ar (i − k) is the total two-body interaction energy of active nucleons in the ith orbit with those in the kth orbit in the target state. < H 01 ik > T ar is the isovector two-body correlation term given by
(10) where the symbols A ρ , B ρ etc. have their usual meanings 4), 5) . This term has, so far, defied an analytical evaluation. But as can be seen from equations (1) through (4), this term can be eliminated by suitably combining any two of these. The isospin centroids, E ± T , are calculated from experimental data on excitation energies and spectroscopic strengths. While selecting experimental data, we take into consideration the fact that the total strength for particle transfer to/from a particular orbit compares favourably with the non-energy weighted sum rules 7) . Consistent with our basic assumptions and approach, given earlier 5), 6) , we like to mention that configuration mixing is not permissible in the target states. As stated in our earlier works 4), 5), 6) , the quantities, n k , T 0k etc. and the denominators on right hand sides of equations (1) to (4), are known from the chosen pure configuration for the target state while E ± (riz), E (2) T ar etc. can be calculated with the help of binding energy data. Then after eliminating the term < H 01 ik > T ar as mentioned above, we obtain, for each target state, a linear equation involving the average interaction parameters, W T ik as variables. §3. Results and discussion
We consider firstly the situation where a particle (hole) is transferred to various target states with 40 Ca as inert core. When the transfer of a particle (hole) takes place in the 1f 7/2 orbit and the target states are limited to (1f 7/2 ) n configuration, it enables us to extract 1f 2 7/2 interaction matrix elements. This work has been done earlier 5) . However, when the transfer is extended to target states having two active orbits, i.e., 1f 7/2 and 2p 3/2 , it furnishes us with 1f 2 7/2 , 1f 7/2 − 2p 3/2 and 2p 2 3/2 interaction parameters. When the inert core is shifted to 56 Ni and the transfer of a particle (hole) takes place in the 2p 3/2 orbit, either with 2p 3/2 active orbit alone or with 2p 3/2 and 1f 5/2 both as active orbits, we are able to extract 2p 2 3/2 and 2p 3/2 − 1f 5/2 interaction parameters. When the transfer occurs in the 1f 5 obtained from the calculations done with 40 Ca as inert core. Table IV lists the values of the effective interaction parameters,W
from calculations involving 56 Ni as inert core. The extraction of the interaction matrix elements in all such single particle transfer reaction problems and in particular, the present one, suffers from the disadvantage that the experimental spectra and the corresponding transfer reaction strengths are seldom available in full, that is, in the spectra of the final nuclei, many energy states with their corresponding strengths are not seen by the experimentalists. This limitation is further compounded by the fact that the shell model with its pure configurational assumptions is not always strictly valid for various nuclei. In spite of all these limitations, we have formulated our equations 4), 5) under the assumption of pure configuration and then applied these to the single particle transfer reaction data available to us. While dealing with the cases of 1f 7/2 and 2p 3/2 transfer on target states with 40 Ca chosen as the inert core, we find in literature, transfer reaction data for only five targets having both 1f 7/2 and 2p 3/2 as active orbits. From these we are able to set up only five equations involving transfer of particle (hole) to a particular orbit. Each of these equations contains four interaction parameters and from the algebraic point of view, five equations are not enough to give us a good least-squares-fit for four parameters. We have, therefore, for the case of 1f 7/2 as well as 2p 3/2 transfer, combined the equations resulting from these five multishell target states with other equations obtained from (1f 7/2 ) n configuration target states; these we call as Calc. I and Calc. II, respectively. To increase the number of equations, for least-squares-fit purposes, to a still larger number, we have done a fit for all the six interaction parameters,
, combining all the equations obtained from 1f 7/2 and 2p 3/2 transfers; this we name as Calc. III. A similar situation exists for nuclei treated with 56 Ni as inert core and here also each of the cases of 2p 3/2 and 1f 5/2 transfer has been treated in a similar manner as given above. All the results are listed in tables III and IV alongwith those of other authors 64), 65), 66), 67), 68), 69) .
The results of present work in the three categories under Calc. I, II & III, as mentioned above in the discussion, show minor variations; the magnitude of variations lies well within the various uncertainties caused by the discrepancies in the spectroscopic strengths and other experimental measurements. 
